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Some  Observnrions    on   Bif"ten-ii    r-yr,   rs':n.si»^iv'P'?ss. 

ness  by  ■•->??   nhenomTion   oT  aTiat)h|tlRyis  -t- o  ron-bfto^»=>ri«tl   •^r.+  ip-ens ,    such 
"  s  bors"?   seruT".      Rosenau  o.nd   ftndersor    (1)    clqip.  ^b«-^   hynersusceotibil- 
Ity  r\f\y  '^ns'i-ly  be   in-'uced    in  p;uin??'!   elf's  wl+-h  prot^ir'i   extracts    ob+nined 
from  -t-be  bnc-t-erial   cell.      They  succeedei    in    sensi -t-izinc;   s;uine«  TDics  by 
siiT'le   Rubcu+-.ineous   ir.-^ections   of  ex-^r^c-t-s   of  colon,    subtllis,    anthrW 
fub^rcle,   «\nd  ^-ypboid  bticilli.      On   reiniection,   usually   21  to   65  days 
Int-er,  vri+-»^   n   rather   l-rre  au-^n-^ity   (5  to   10  c.o.)    of  ^-h^   ex-^r^.o-*- ,    sub- 
cu-*-anebusly   or   intraner' tcneally,   they   elicited   s:"Tnnto".s  which   •'■hey 
chxracteri  z-^d   as   slic'^t,   r.ild,  rrarVed,    or   severe.      There  were  no  l-^-^hal 
r°act'ons,   nor  were  convulsions  noted   in   any  case.      Kraus  and   Doerr   (2) 
produced  iraphylactic   shocV  by  in.-iectinp-,    intravenously,    suspensions 
of  the  bacteria   of  typhoid,   dysen+^ery   or  cholera   into  5;uineR  pips  which 
had  rec°i-"-ed,    20  to   25  days  previously-,    a   snaller    ar.onnt    of  the  corr^s- 
pond^ns;    oro'anisn  subcutaneoiisly.      They  record    severe   s'T.ptors,  ^rith 
frequentl"  exitus.     'Veil   and   BraMB  (3)   were   unable  ■»■  o  produce  hyper- 
sensitivJness  to  bacteria.      La-*-er  Kolobut   by   ^ivinr   a   series   of  sensi- 
tizinr   innections.  was   able  to   ob^-'^in   ^'ore  rerul-^rly   successful  results. 

Bacterial   sensitization   is  by  no  means   as  readily  affected 
•^s   is    sensitization  to  blood   sera;   this  difference  has  been  attributed 
(i)*-o  *-v>o   c  cnn'>ra+'ively   small    anoun-*-    of  protein  contained   in   even 
^hicV  bacterl&l  erulsions.      T+-   seens   liV°ly,   ^^owever,   •'-hR+-   differences 
in   ^he  physic oc^' err' ical    stq-^o    of  the   anaphylactop;enic   substance  fH»e  to 
a  considerable  den-ree  responsible. 


Tho  s'trict   .^oecifici ty  of  bacterial  anapViylaxia  wias  denied 
by  DelanoB   (5),  v,ho  cl<iiraed  -"-hnt   unimnls   sensit-ized  wifh  tynhnid  bac- 
illi  re-'-ted  distinctly  when   in.iected  vi-^h  t)n.r-\-'-yr)hoid   A,   paratynhoid 
B,    or  colon  b«cilli.      Oa'-   and   Southard    (6)    liVewise  held   ■•■he  specificity 
to  be   only  relative.      The  na.iority   of  vrorVers,   however,    consider   the 
reac-*-ioll   scecific  «n.tbin  ■•■he   same   limi-l-s   as   o^^^her   ?eruir.   reactions. 
Kraus   and   Doerr   (2)   fonnd  tha^t-   animals    sensitized  to  tynhoid  bacilli 
reacted  to  tynhoid,   bu-^   not  to  paratyphoid   or   cholera;    similarly  ■•^hose 
sensi^-ized  vrith  choler-'  vibrios  did  ^o^-   react   to  tynhoid  bacilli. 

•Xnaohylayis,   ^.'ithin   the  strict   Teanirg;   of  the  terr^  now  ren- 
erally  acceiDted,   namely  a   state    of  hynersensitiveness  ■•■hat    is   due  to 
fv-e  -orese'Tce,   in  certain   tissues,    of   snecific    -^.ntibodies ,   ^he   s^Tn-^-oms 
of   °ranhylaris   beinp;    caused  by  ■•-be  me<='tinp'    of  these   antibodies  with 
the  resn'^ctive  antip-en   in  ^-hose  ■•■issues,   ap-rees   in    snecificity,    accord- 
inpr  to  Coca   (7),  -^dth  tha^^-    exhibited  by  ■•'he  other   iirirrunolop'ical   reac- 
tions,   such   =s   ■•■hose   of   so^cific  precir)it<ition   ard  cnnnlement    -  fixa^i-icr!. 
To  ouote  Coca:      "o.ll    of  the   attempts  to  refpr  the   anaohylactorenic   func- 
tion  and  *-he   o^^her  known   an+--"renic    functions  to  different   ele-nents   in 
the   sar.e  oro^'^eid  na^'-erial  have   failed;    indeed,   there   is   strono'  direct 
eviderice   of  ■^he   identity   of  ^he  ananhylact  openic   and  the   nrecini^^-ino- 
t-enic   "^ler^ents   in    such  material." 

^s  ^o  ■'■he  relationshio  of  the   local    (cutaneo\is)   manifesta- 
tions  of  sensitiveness  to  the  peneral  protein  hynersensitiveness  def- 
initely Vnown  to  be  aranhylactic ,   ■•■tere  has   been   until   c  arnaratively 
recently  much  confusion.      Thus   as   late  as   1916   it  was,   according  to 
Folmer   (8),   s^enerally  ap:rf"=d  ■'■ha^*-   cutcmenus  hyr>°rsensitiveness   and   ana- 
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Dhylactic   shock   ^re   id'^nticn.l,   nrcl  the  forner  was   cor.sidered   acceot- 
nble  «»s  H  <l9lic<i-*-9  index  of  Viyr^rsensitivenes"  ^-o  a  certair    forelp^fi 
protein . 

B-xldvnn,   however,   shovred   ^hat   n.lthoufh  guinea   oifcs  which  had 
he'^ri  treated  with  -t-iiberculoDrotein   often  ?ave   evidence   of  ananhylactic 
sensitization,    si-'in   sensitiveness   resul-i-ed   only   '"rom  actual   infection 
vdth    livinp:  tubercle  bacilli:      Th^s"   observations  vrere  c  cnfirned  and 
fur*-h°r   extended  by  Krause.      Fleisc^ner,   Meyer,   and   Shaw  (9)   then   found 
this   rule  *-n   noply  +o  3.   abortus  bovinus   "nd   B.   relitonsis   in^ec+-ions 
in  p;\iinea   Die;s. 

Zinsser    (10)   then   disti  r.?:uished   clearly  betiver   -t-v.-o  dif-^erent 
types   of  s'-ir   reactions    in  the  ^-uinea  ni? .      The    first,   which  he  desig;- 
n<ites   ^he    "inur.ediate"   reaction,    is    a  ivheal  .   v/hich  anpears  within   15 
ninu*-es   af:er   intradernal   inpection   of  the   antiren,    las'^^s   fron  l/2   hour 
to  2  hours,   then   fades  •'"ithout    leavinp-   any  Drofo\ind   iniury   of  the  tis- 
sues.     He   found  that  -^his   reaction   occurred   een-^rally,   thotj.eh  not   al- 
ways,  in  o-uin^a  t)ip:s    sensitized  to  horse   serum.      The   second  type,    or 
"delayed"   reaction,    first   manifests   itself  in  4   or  more   h'^urs   as   a   swell' 
inp;  v;-Hic>i   in  tvip  course   of   12  ■•■  o  24   hours  develoos    into   an   edematous 
area,    often  vri^h   central   necrosis,   and,    occasionally,    her!orrhap;e.      This 
reaction   may  rot   re«ich   its  hiehest   develonrti'^'nt   until   about   4fi  hours   af- 
ter -t-h^   -"niection.      The  intradermal  tuberculin  test   is   a  classical  exam- 
nle   of  this   reaction,   which,    as    s-t-^^^-^d    above,    has  not  b°en    found  to 
occur   exceot  -dth  actual    infection. 
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toperimentn.!. 

One  virulent  nnd    on"  rivirulent   strain   of  B.   diohtherift*  were 
\ise(l   fis   ftntip;ens.      Park  8   "new",    largely  used   in  toxin    production, 
served  -ts  the  virulent   oreianism;   the  avirulent   one  v/as  no.   1660,  de- 
rived  fron  n    sinKlii-cell   culture   isolated   in  this   laboratory  by  Powell. 
T^^ese  were  cultured   in   Srith  broth,   to  vfhich    .V/-,  eluoose  had  been  add- 
ed .-iust  before  inoculation.      The  cult\ires  were   incubated   for   10  days. 
The  bacteria  were  ti.eu   sedir:ented   out  by  oentrifuKalization.      The   su- 
nernatant  bouillon  vms   filtered   through  a   BerVrefeld   "medium".      The  bac- 
terial r;ai^s  w^s  washed   3  times  with    .9^  NaCL  solution,   and   resuspended 
in   aoproxir.ately  4  times   its  volume   of   salt   solution.      This    suspension 
vras  -t-hen   billowed   to   stand   for   tvfo  days   at   room  temperature,  with  an 
occasionil   shakin;^,   and  v^as  then   heated  at   60°  C.    for  40  minutes. 

5ach   animal   in  the  two  rrouns    of   o;uin4a  pies  treated  with 
the  bacterial   antigen   1660  received    a   series   of  intraperitoneal   iniec- 
tions    of  the  bacterial   suspension.      At  varying   intervals  thereafti^r   sev- 
eral  animals   in   each  p-roup  were  tested   for  cutaneous   reactiveness    or   for 
p-eneral   sensitization.      The  skin  react iveness  was  tested   for  by  iniect- 
inf   i ntracutaneously    .1   c.c.    of   each    of  the  two  bacterial   susnensions, 
usinp   a  dilution    of  1:2,    and..l   c.c.    of  each   of  the  corresoondine  broth 
filtrates,   undiluted.      The   sites   of  iniection  were   observed  durinc'  the 
first    1/2   -   1   hour,    and   after  24   and  4f   hours.     Kormal   animals  were   sim- 
ilarly  in.iected   each  time,   as  controls. 

General   reactiveness  was  tested   for  by   in.iections   into  the 
'jcritoneal   cavity,   .iueular  vein,    or  heart,   as   specified   in  the  protocols 
below.      In   the   interpretation   of   slipht   sys''-emic   re-^ctions,   the   sub.-iec- 
■^ive   element    of   course   plays   a   formidable  role,   and   enters   in   as   a 
'!*actor   of  error.      Shock  may  be  produced  bv  the   in.iection   even   of  nor- 


niRl   animals   of   lnrp;e   quantities   of  protein   material,    as    5  c.c.    of  bouillon 
into  n    small   guinea  pie.      The  comnaratively   small   air.ounts   of  bacterial 
susnension   used   in  the   second    series  were   never   observed  to  produce   any 
even   suf>;p:estive  renctioti   in  the  controls.      A  well  defined   anaphylactic 
shock   is   Quite  characteristic   and  cannot  be  confused  with  non-soecific 
sliocV .      Unless  the  reactior:  was   considered  definitely   characteristic, 
it  was   soufht   to  err   on   the   side   of   "conservatism"   and   reprard    it   as 
n on -anaphylactic . 

In  E;radinr  the  reactions,  no  h&rd  and  fast  rule  seemed  work- 
able, because  of  the  wide  variation  in  combination  of  symotoms  in  dif- 
ferent  individuals.      In   general,    however,    any  typical   reaction   propress- 

ing  -t-o  marked   muscular  twitchinrs   or  to  convulsions,   and  vdth   uronounced 

but    no  convulsions, 
dysDOea,  v.as  considered   severe;    a  reaction  vritbrujirked''   dyspnea/ moderate. 

''''^e  sli,p:ht   and  mild   reac+-ions   include  those  characterized  by   agitation, 

r\!f fling   of  -t-he   fur,    sneezing   or  coughing,    scratching   of  nose  vdth  the 

naws,   placing   of  muzzle  to  oerineum,   and  discharge   of  feces    and  urine, 

vrith   slirht  disturbance   of  resoiratory  rate   or   rhythm,    followed  by  a 

comolete   return  to  normal  v/ithin   10  to  30  minutes,    or   by   a   somnolence 

lasting   an   hour   or  more.      Some   one  or   other    of  these   elements  may  be 

missine   in   individual   cases. 

Series  A. 
Guinea  Figs   nos.    1,   2,   4,   5,    and   6. 
Sensitizing   iniections   intraoeritonealiy   o'"  avirulent  bacillus 
1660.      iach  dose  =  0.06  ?;m.   moist  bacterial  mass,    in   2   -  3   c.c.    salt    sol. 
First   in.iection    on   12-7-22.      dubsoquent   injections   2,    5,    7,    9,   and   12 
davs   after   first. 


Te8+^  Tn.-?ecti. ons. 

Dn-'s  nf+-,«r  d'i  rst  In.ieotior; 

P.  4l-      600  p;n. 

Dhvs. 
26   -   3  c.c.  1:6  dilution  of  bacterial  susoension  1660  intra- 
peritoneally  -  Mo  Symptoms. 


35   -   Intracutaneous  tests- 

70        -        Z   c.r.   Filt-r'^te   1360   i.e.- 


Kefrative. 
Mo  3vinr)tom3. 


■.   F.    -'2.      530  gm. 


83 


.c.    1:6  dil.susp.    1660-     iP- 


Wo  ironDtons. 


2  c.c.   Filtrate  Park  8  N?w,    intracardiac-     Slip;ht 

reaction,   ouestionable.      Recovery  -vath   30  minutes. 


G,   P.   ='4.      420 


Nep-ative. 


Days  . 
?26        -        Intracut^n^oiis   tests- 

35         - 

70        - 

83   -   2  c.c.  Filtrate  Park  f  Few  intracardiac-  Moderately 
sever  syTTin-*-oms,  not  characteristic. 


F.  4f5.      425  ep. 

Days. 
70   -   2.5  c.c.  Sr.ii-h  broth  intracardiac-  Mild  shock,  synntoms 
atypical. 


•.   F.  V-6.      450  em. 


Davs. 
26 


3  c.c.   1:6  dil.    suspension  bacilli   1660   intraperitonenl- 

No   symotoms. 

Inhracutaneous  tests-  If  rative. 

1.5  c.c.  suspension  bacilli  Park  8  New  intracardiac- 
l/ild  svmatoms,  doubtful. 


fl 


-■^ 


G.    P.   X.      330  p;rr. .        (Morr.ai   nnimal    from   stock) 

■  ■  c.c.   Smith   broth   intrfivenous-     I'ild,    ephemerp.l   shock,    atypical. 

Series  C. 
Guinea   Pir.s  I-os.    15,    14,    15,    16,    17,    lb. 
Sensitizing    in.iect  ions,   intraperitoneal,    of  avirulerit  bac . 
1660.      Each   dose   consisted   of   1   c.c.    of   orie;inal   suspension,   reoresent- 
inf;  0.2  Ktn.    of  moist   bacterif^l  mass,  made  up  to  2   c.c.   with   salt   sol. 
First   infection   I-2o-23.      Subsequent    infections   2,   4,    6,   8,   and   10  days 
after   first. 

Test   In.iections. 

Days  after  First   In.iection: 

G.   P.  ?'/^lo.      190  Km. 

Days . 
16        -        0.3   gm.   bac.    1660  in   3  c.c.    sol.,    intraperitoneal- 

iio   S.^onptoms. 

24        -        Intracutaneous  tests-  Kepative. 

S6  -  0.06  gm.  bact.  Park  8  New  in  1  c.c.  sol.,  intracardiac* 
Marked  symptoms.  Moderate  p;rade .  anaphylactic  shock. 
Recoverv. 


G.    p.  #14.      280  m. 

Days'. 
24        -        Intracutaneous  tests-  Ilegative. 

30        -        0.15  gm.   bact.    1660  in    .75  c.c.    sol.,    intracardiac- 
fc^oderate  grade   anaphylactic   shock.      Recoverv. 


^•.   P.  i'^15.      270  rm. 

Days  . 

30       -        Intracutaneous  tests-            Immediflte  reaction   -   Doubtful. 

Delayed  "            -  Negative . 


35 


•16.     220  m- 

ays. 

24        -       0.4  KIT.    bRot.   1660  in  4  c.c.    sol.,    IntraaeritoneAl- 
ilipiht   reaction    of  doubtful  nature. 

36        -        0.1  gm.   bact.   1660  in   1.5  c.c.    sol.    in^-racardinc-     Kild 
3ymt)toms.      Reaction  fairly   characteristic  thoup-h  not 
oronounced. 


C.    F.   ^-17.      200  gm. 

Day  s . 
16        -        Intracutaneous  tests-  Fep;ative. 

80        -        l/4   larce  aecar    sl-Mit   B.coli   in   1   c  .c.    intravenonsly- 
Ko  symptoms  vfithin   15  min. 


0.   P.  7fl8.      180  gm. 

Days. 
30        -       0.4  gm.   bact.    1660  in  4  c.c.    sol.    intraperit oneal- 
Reaction    sup;p;estive,   but   not   clear-cut. 

74        -        Intracutaneous  test-  Imirediate   reaction   -   positive, 

Delayed  "  -  nepi&ti^'e. 

76        -        0.2  gm.   bact.    1660  in    1  c.c.    sol.    intracardiac- 
Severe   symptoms.      Reaction   typical. 
Killed  after   1  hr.      Lunps   enormouslv  distended. 


G.    F.   Y^jfi.  (Nor.T.al   animalsfron   stock) 

n^ceived  amounts  corresponding  to   above  test   in.-iections,    and  by 

sarr^e  r-nteS.   ii'^   symptoms. 


•w?  resul-*:s  iT-.ay.  be   summ^^rized  as   folla-s: 

•ihnt   vras   regnrded   as  a  positive   "irmerliafe"   skin   reaction  was 
observed   in    one   instance.     This    animal  proved  definitely  anaphylactic. 
A  doubtful    "immediate"   skin  reaction   obtained   in    one  case;    in  this   it 
was  not    possible  to  test   the  general   sensitiveness. 

The   "del'iyed"   skin  reaction,   the  index    of  true  cutaneous   sen- 
sitiveness,   lid   not   develop   in    any   of  ♦•he   animals  tested. 

The   aninri.ls   in  the   second   series  v^ere  rendered  definitely 
anaohylactic  to  the  bacterial   antipen. 

The  animals  in  the  first  series,  however,  did  not  show  defi- 
nite specific  sensitiza^- ion.  This  difference  may  have  been  due  to  the 
difference  in  the  material  used  for  test  in.i  actions,  or  t  o  ^he  smaller 
sinsitizir.r  doses,    or  to  the  larF,er   size    or    e;reater   a^e   of  the   animals. 

Ari   animal   sensitized  v.-ith  avirulent   diphtheria  bacilli  was, 
rendered  aranhylactic  to   avirulent    strain. 

Conclusions : 

Iniection   into  guinea  nigs    of  dead  bacterial   substance   is  cap- 
able  of   inducing:  the  development   of   anaphylaxis,   but   a  cutaneous  hyper- 
sensitiveness,    as   indicated  by  the  delayed  tyoe   of  reaction   to   intracu- 
taneous  in.-iection    of  antigen,    is   not   produced  by  this  orocedure.      This  is 
entirely  in  accord  with   several    observations   previously  made  vrith   other 
orpanism.s  by  a  number   of  workers,    as  mentioned   above. 

The  develonment    of  the   imr^ediate  type   of  skin  reaction   is  not 
a   rerul^r   occurrence.      Its    presence   in  the   one  case  which  reacted   rather 
severely  to  a  test   in.iection   of  the  antigen  mipht   indicate  that    it   is 
present    only  in   some  cases   of  narked  general   hypersensitiveness . 


The  developnent   of  firnphylaxis  to  a  virulent   strftin   of   B.  diph- 
' ''leriaffby   sensitization  with   an   avirulent   strain   is   interestinp;   in  view 
of  the   fact  that  these  orpianisms  were   shOT'm  by  Powell   to   fall   into  dif- 
ferent rroups  with   respect  to  specific   applutinin   Droduction   in  the  rab- 
bit.     It    is,   ♦•o  be  sure,   extremely  hazardous  to  attenpt  deductions  with 
any  decree   of  assurance  upon  the  basis   of  a   sinrle   observation;   nor 
would   even  nny  nuni.ber  of   similar   observations   suffice,    obviously,   with- 
out  at   least   a  parallel  determination    of   specific   ape;lutinlris   in  the 
animals  used   for  t^sts,    or  other  direct   evidence,    as  aassive  transfer 
from   rabbits   *-o  guinea   pi^s.      AssuminR;,   hov;-ever,   that   such  experiments 
would   oonfirn  what    apoears  to   obtain   here,   nar.ely  a   lack   of  parallelism 
between  tns  Droduction   of  ap:t:lutinins   and    of  anaohylaxis;   the  result 
would  be  at  variance  v,i.th  the   current  viev/  as  expressed  by  Coca,  which 
is  that  -f-he   anaphylactoe;enic   and  the   o^-her   antigenic   elements   in  the 
same  nroteid   are   identical. 
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